INTRODUCTION
A multiple-comparison computer program was devised at the, Oak Ridge Y-12 ~l a n t b ) in 1976 for making a graphical comparison of control-batch analyses obtained by four laboratories in the National Uranium Resources Evaluation (NURE) program. Since the inception of the computer procedure, other interlaboratory comparisons are being made using this procedure. This report presents a description of the multiple-comparison output, the equations used in making the comparisons, an operational guide, and a listing of the computer program. 
MULTIPLE-COMPARISON COMPUTER PROGRAM OUTPUT A N D PROGRAM DESCRIPTION
The program is set up to compare two to six means with each other. The illustration in Figure 1 shows the comparison of four means. The left-side tabular portion in Figure 1 presents the data source, mean based on the specified number of results, and the 95% confidence limit of the mean.
The mean, number of results, and standard deviation for each data source are entered into the computer for the presentation in the left-side tabular portion. The raw data are computed by the following equations (not included in the computer program under discussion).
where N is the number of results. If available, the following items are fed into the computer prior to computation: the standard value for the measurements under consideration, the number of results, and the standard deviation of a single determination of the standard value. If the number of results for the standard value's standard deviation is not available, a value of 10 is assumed.
symbols for describing the test to determine whether or not the mean of the measurements is significantly different from the standard value at the 95% confidence level areas follows: S1 = standard deviation of the measurements . . N1 = number of measurements So = standard deviation of a single determination of the standard value N o = number of results for computing the standard value.
The t' test statistic, its associated degrees of freedom DF, and the t distribution value at 95% confidence are computed according t o the following:2
t distribution va11.1e at 95% cor1,fidence level = 1.81 48 DF + 0.2500 m.
The t' and the t distribution value are then compared. If t' is greater than the t distribution value, the null hypothesis that Mean = Standard Value is rejected. For this case, an asterisk is printed after the mean indicating that the mean is significantly different from the standard value at .the 95% confidence level.
The center plot of results in Figure 1 presents the means designated by 0s and their 95% confidence limits which are shown as bars. The limits are based on Bonferroni t which will be explained. The means are presented in the order from lowest to highest so that the lines of nonsignificance at the right side of the figure can be drawn correctly.
The plot of means and their limits and the right-hand nonsignif icance lines is basically a test of multiple hypothesis in which all possible "pairwise" comparisons of means are made. The appropriate statistic for use in computing the plotted limits and for making the multiple comparisons is the Bonferroni t.3,4
The value of the Bonferroni t statistic depends on the number of means being compared. The initial step in computing Bonferroni t is to note how many means are being compared and then to l o~k up the appropriate Bonferroni t equation given in Table 1 . These equations (based on Bonferroni t values in Reference 4, Table I I) were devised by the hyperbolic equation-fitting t e~h n i~u e . 5 The 95% confidence limits of the mean are computed by the following formula:
where Bonferroni t is based on DF = N -1.
These limits are printed as vertical bars around the 0 mean value. See example in Figure 1 Tests of hypotheses that the pairs of means are not significantly different at the 95% confidence level are made by the t' test. All possible pairs of means are examined in the computer program. Subscripts 1 and 2 in the following equations refer to any two means being tested.
t' =
IFl' -X7 I , and (9 dsl 2 /~ + s~~/ N~ Bonferroni t value is based on this DF value.
The t' and Bonferroni t are then compared for the pair of means under consideration. If t ' is greater than Bonferroni t, the difference between the two means is significant at the 95% confidence level. If t' is equal to or less than Bonferroni t, the difference between the two means is not significantly different at the 95% confidence level. At the right side of the output as shown in the example in Figure 1 , a vertical line is drawn for each pair of means having a difference which is not significantly different from zero. In other words, the lines show means which agree with each other and the absence of a line indicates disagreement.
The bottom of the output sheet, as shown in the example in Figure 1 The formula for degrees of freedom is N -1, where N is the number of results.
This calculated F value is compared with the appropriate tabular F value for the given degrees of freedom of the larger and smaller variances. The procedure for choosing the appropriate F table is described in the next paragraph. If the calculated F value is greater than the tabular F value, the two variances being tested are significantly different. If thecalculated F value is equal to or less than the tabular F value, the two variances being tested are not significantly different. A vertical line is printed for each pair of variances which shows nonsignif icance.
Tables of F values (for multiple comparisons at the 0.05 probability level) similar to the Bonferroni tables are not available. To circumvent this deficiency, the appropriate F table which is available is chosen according to the number of variances being compared to give a confidence which is close to 95%.6 Table 2 which is programmed into the computer presents 1l1e F lable to be associated with the rlumber of variances beilly compared. 
OPERATION OF FORTRAN I V PROGRAM
The program has been designed to compare two to six means with each other and then make all possible comparisons of the variances associated with the means. If a standard value and its standard deviation are available, the program compares the mean values with the standard valuc.
The input for the program for each item being compared consists of a data set. The cards in each data set are as follows:
Three Heading Cards -Cards 1, 2, and 3
Column Contents
1-80
A user-specified title. In the Figure 1 example, the top three lines were entered on these cards.
Symbol-Identification Card -Card 4
Column Contents 1-80 1 to 3 letter or number identifiers for the items being compared. In the Figure 1 .example, the laboratory symbols K, P, X, and Yare defined.
Decimal Place Card -Card 5
Column Contents 3
Number of places to right of decimal in data values: 0 for no places to the right to 5 for five places to the right (i.e., x.xxxxx). The program as written will not handle six or more.
4-80
Additional heading or symbol-identification information can be entered here. For example, single letter identifiers could be defined for different methods, such as C for colorimetric and G for gravimetric.
Data Cards -Card 6, Card 7;. . ., Card (last item in comparison)
Each card contains the data from only one source (i.e., the item being compared). In the example, each card contains one laboratory's set of data.
Column Contents 1-2 A user-specified notation for filing and sorting cards. This field can be left blank. 
9-1 5
Number of determinations for standard value, right justified. If the value is not known, the field is left blank and a value of 10 is assumed.
16-25
Standard value (mean of number of results specified in Columns 9- 1 5) Data cards must be sorted on Colilmns 41 -50 so that the mean values are in order from low to high.
Blarik Carda blank card is the last card in each data set.
EXAMPLE
The data in Figure 1 The vertical lines in Figure 1 at the right of the mean plot and at the bottom comparison of standard deviations have the following meaning. Pairs not found to be significantly different arc connected with a line. Pairs not connected with a line were found to be significantly different.
In Figure 1 mean comparison, no line between X and K indicates the X and K means are significantly different. In the standard deviation comparison, no lines between X and P and between K and each of the other three laboratories indicates the variances for X and P are significantly different and the variance for K is significantly different from the variances of the other laboratories.
The computer program also gives a printed output of a t and F statistics table corresponding to the figure. The output relating to Figure 1 is presented in Figure 2 . Calculated values of t and F for all of the paired comparisons are presented in Figure 2 . In case comparisons are desired at the confidence levels other than 95%, t and F values at the desired levels can be looked up in tables for comparison with the calculated t and F values. 
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